An isoluminant chromatic display is a color display in which the component colors have been so carefully equated in luminance that they stimulate only color-sensitive perceptual mechanisms and not luminance-sensitive mechanisms. The nature of the mechanism by which isoluminant chromatic motion is perceived is an important issue because color and motion processing historically have been associated with different neural pathways. Here we show that isoluminant chromatic motion (i) fails a pedestal test, (ii) has a temporal tuning function that declines to half-amplitude at 3-6 Hz, and (iii) is perceived equally well when the entire motion sequence is presented monocularly (entire motion sequence to one eye) versus interocularly (the frames of motion sequence alternate between eyes so that neither eye individually could perceive motion). These three characteristics indicate that chromatic motion is detected by the thirdorder motion system. Based on this theory, it was possible to take a moving isoluminant red-green grating and, by simply increasing the chromatic contrast of the green component, to generate the full gamut of motion percepts, from compelling smooth motion to motion standstill. The perception of motion standstill when the third-order mechanism is nullified indicates that there is no other motion computation available for purely chromatic motion. It follows that isoluminant chromatic motion is not computed by specialized chromatic motion mechanisms within a color pathway but by the third-order motion system at a brain level where binocular inputs of form, color, depth, and texture are simultaneously available and where selective attention can exert a major inf luence.
An isoluminant chromatic display is a color display in which the component colors have been so carefully equated in luminance that they stimulate only color-sensitive perceptual mechanisms and not luminance-sensitive mechanisms. When an isoluminant display-e.g., a grating of alternating red and green stripes-is moved, the apparent movement is often reported to be perceptually different from the movement of ordinary displays, being neither as smooth nor as quick (1) (2) (3) (4) (5) (6) (7) (8) . In some instances, ''motion standstill'' of isoluminant displays has been reported (1-5), a phenomenon in which the moving display appears motionless but nevertheless is perceived as occupying different positions from time to time. Here we use a pedestal paradigm, the temporal tuning function, and a comparison between observers' performance in monocular and interocular presentations to infer that chromatic motion is perceived by the third-order motion system. The apparently poor quality of isoluminant motion is not intrinsic to chromatic motion but merely to the chromatic stimuli that have heretofore been generated. By manipulating the ratio of red-to-green contrast in accordance with the theory of third-order motion, we produce high-contrast, easily visible, isoluminant displays that exhibit the full gamut of motion percepts: from normal, easily perceived motion to motion-standstill.
The nature of the mechanism or mechanisms by which isoluminant motion is perceived is an important issue because color and motion processing historically have been associated with different neural pathways: color with parvo or Ppathways, motion with magno or M-pathways. There is compelling evidence from animal research that color and motion are processed in separate neural pathways (9) (10) (11) (12) , implying either (i) that no percept of motion can arise from movement of purely chromatic modulations or (ii) that there is a separate neural motion computation within the color pathways. On the other hand, although it has occasionally been stated that there is no isoluminant motion perception (ref. 13 , p. 161), there are obvious demonstrations from human psychophysics of the perceived motion of isoluminant stimuli (14) (15) (16) . Although the various degradations of motion perceived in isoluminant stimuli have led to speculations about special mechanisms for chromatic motion (17) (18) (19) (20) (21) , lack of convincing experimental paradigms and results has left completely unresolved the question of how and where isoluminant motion might be computed, and there are supporters for all theoretical stands (22) (23) (24) (25) (26) (27) (28) (29) .
We propose to resolve the question of the mechanism of isoluminant chromatic motion within the architecture of first-, second-, and third-order motion processing (30) (31) (32) . To review: First-order motion is computed from the movement of areas defined by their luminance; second-order motion is computed from movement of areas defined by luminance variance (texture-contrast); and third-order motion is computed from movement of areas defined as figure relative to the background. Third-order motion (unlike first-or second-order motion, which are computed primarily monocularly) is independent of the eye of the origin of successive moving frames, is highly vulnerable to attentional manipulations, and is sensitive to an incredibly wide range of stimuli (33) (34) (35) . We will show here that isoluminant motion is computed by the thirdorder motion system, and only by the third-order motion system.
METHODS

Stimuli and Isoluminant Calibration
Stimuli. § Red-green sinewave gratings (Fig. 1c) were generated by modulating along the L Ϫ M (Long-Medium wavelength) cardinal axis in color space (38, 39) . To minimize chromatic aberration (40) (41) (42) , gratings were horizontal. The background was white at 17.4 cd͞m 2 at a chromaticity (x, y) ϭ
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(0.294, 0.314) for a CIE standard observer. At modulation depth of 8%, the reddest point on the grating has chromaticity (0.341, 0.304), the greenest, (0.242, 0.352). The moving sinewave grating consists of five isoluminant frames with a consistent phase shift of 90 degrees between successive frames. At the viewing distance of 60 cm, the grating has a spatial frequency of 0.5 c͞degree and occupies 5.7 ϫ 5.7 degrees. To produce motion stimuli at different temporal frequencies, the frames are shown with different numbers of screen refreshes. Four different temporal frequencies were used: 0.94, 1.88, 3.75, and 7.5 Hz. In each trial, the motion stimulus contains only five frames.
Improved Calibration. It is critical that all of the ''isoluminant'' stimuli be truly isoluminant with respect to human motion perception. The calibration proceeded in two phases: The first phase was a static calibration of the display for isoluminance by standard methods (37) ; the second, critical phase was a dynamic calibration of each particular stimulus by means of the improved calibration procedure (43) described below.
After standard isoluminance calibration of the display system, a method of constant stimuli was used to estimate modulation amplitudes that yielded 90% correct motiondirection thresholds for the red-green gratings at each of the four temporal frequencies in the experiment. These 90% correct motion stimuli then were calibrated dynamically ( Fig.  1 i and j) . The calibration display consisted of five frames in which the odd frames are candidate isoluminant red-green sinewave gratings; the even frames are luminance (white͞ black) sinewave modulations; and the phase shift between successive frames is 90 degrees (Fig. 1 i and j) . No consistent motion would be perceived in such a display if the isoluminant frames were truly isoluminant. However, if there were residual luminance contamination in the isoluminant frames, consistent motion would be perceived between the luminance contamination component in the odd frames and the luminance sinewaves in the even frames. As a practical matter, motion of the 90% correct gratings was nearly always perceived in the calibration display, indicating the ubiquitous presence of residual luminance contamination. (30) proved that, if the perceptual mechanism used a motion-energy computation, human observers would perceive motion equally from the pedestaled motion stimulus and the non-pedestaled motion stimulus. (i and j) Calibration stimulus: a five-frame display in which the odd frames are isoluminant sinewave gratings; the even frames are luminance sinewave modulations; and the phase shift between successive frames is 90 degrees. No consistent motion would be perceived in such a display if the isoluminant frames were truly isoluminant. In the actual experiments, the gratings were horizontal to avoid pixel-to-pixel intensity dependencies in the display monitor and to minimize chromatic aberration (40) (41) (42) To each ''candidate'' 90%-correct motion stimulus in the calibration display, a small amount of luminance modulation was added to cancel apparent motion. This is the procedure of Cavanagh and Anstis (44) . The canceling modulation was chosen from one of two luminance phases and five luminance amplitudes. Forty motion trials were conducted at each phase and amplitude, and this entire procedure was repeated for each temporal frequency (a total of 1,600 trials). The data were used to determine the added luminance needed to precisely cancel the residual luminance in the candidate stimuli. Although the display was already nominally isoluminant (according to the static calibration), there was always residual luminance contamination to be cancelled. Luminance resolution of one part in a thousand is required to achieve isoluminance. Each dynamically calibrated 90% stimulus then was used to construct a new set of isoluminant stimuli with smaller (and occasionally larger) modulation amplitudes.
The improvement to the Cavanagh-Anstis procedure (44) arises from a motion-energy analysis (43) . The motion energy in a particular direction in the calibration display is proportional to the product of the modulation amplitudes of the even and odd frames (45, 46) . By choosing the amplitude of the even, luminance-modulated frames to be Ͼ10ϫ greater than the threshold amplitude for luminance motion perception, a luminance contamination of 1͞10 threshold in the nominally isoluminant display would produce consistent apparent motion in the calibration display. Thus, reducing apparent motion in the calibration display to threshold guarantees a luminance contamination of Ͻ1͞10 threshold in the isoluminant chromatic display. That is, even 10ϫ more luminance contamination would still be below threshold. A second, critical aspect of the calibration is that it is repeated when any aspect of the display is changed-when the temporal frequency is changed or when a pedestal is added (see Discussion). Every calibration (each temporal frequency, modulation amplitude, pedestal and no pedestal) is repeated for each observer.
Plan. To our knowledge, isoluminant chromatic stimuli of this certifiable purity have not been studied previously. Therefore, it is of interest to note that color-normal observers easily perceive motion when these isoluminant stimuli are moved. Three experiments are designed to determine how isoluminant chromatic motion is perceived in terms of first-, second-, and third-order motion processes. Experiment 1 investigates the temporal tuning function for isoluminant chromatic stimuli and finds that it precisely matches the previously measured tuning function for third-order motion (30) . Experiment 2 determines whether the stimuli can pass the pedestal test (explained below). They fail the pedestal test, which is diagnostic of third-order motion. Experiment 3 investigates whether motion is perceived differently when stimuli are presented monocularly (all of the frames to one eye) or interocularly (frames alternate between eyes). First-and second-order motion perception fails in such interocular displays; third-order motion is equally good in monocular and interocular displays (30) . After the formal experiments, a demonstration of motion standstill, a perceptual illusion in which objectively moving stimuli appear to standstill, is described. The theory of third-order motion processing predicts that an adjustment can be made of these isoluminant chromatic stimuli that will produce motion standstill for every observer. And an opposite adjustment would produce clear, easily perceived motion.
THREE EXPERIMENTS
Observers, Task. Three naive observers and the second author participated in the experiments. All of the observers had corrected-to-normal vision. Before each experimental session, the observer adapted to the background for Ϸ3 minutes. The task was a forced-choice judgment of upward vs. downward motion direction. Auditory feedback was given after each correct response. In all experiments, trials for the four temporal frequencies were intermixed.
Experiment 1: Temporal Tuning Functions
Procedure. To measure the temporal tuning function, the twice-calibrated stimuli were used with the method of constant stimuli (40 trials at each of five contrast levels for each of the four temporal frequencies, a total of 800 trials) to determine a 75% threshold amplitude for motion-direction discrimination. Each of these new 75% threshold stimuli was tested (its third calibration) to ensure that there still was no measurable luminance contamination, and there was none.
Results. Fig. 2 shows the measured relative sensitivity against temporal frequency, i.e., the temporal tuning functions, for four observers. All of the temporal tuning functions are of ''lowpass'' shape. The frequency at which relative sensitivity is reduced by 1͞2 falls between 3 and 6 Hz, which is consistent with the literature on color motion (47) and is also an excellent match to previously measured third-order motion tuning functions (30).
Experiment 2: Pedestal Test
The pedestal test involves two stimuli: a moving sinewave grating ( Fig. 1 d and g ) and a stationary replica of the same grating (the pedestal; Fig. 1 c and f ) . When the stationary pedestal has a larger amplitude than the moving grating (typically 2ϫ), the sum of the two stimuli is a sinewave in which the peaks wobble back and forth but do not move in a consistent direction (Fig. 1 e and h ). Insofar as a motion detection algorithm depends on features such as peaks, valleys, and zero crossings to compute motion, it would fail with the pedestaled motion inputs. On the other hand, motion-energy algorithms are immune to pedestals under the conditions of the present experiments (30, 32) . A motion-energy algorithm can extract motion equally well from pedestaled and nonpedestaled stimuli. In fact, human observers are immune to pedestals (no difference in motion-direction thresholds between pedestaled and unpedestaled stimuli) in luminance (first-order) and texture-contrast (second-order) motion, as a function of temporal frequency for each of four observers. All of the functions are of lowpass character, with relative sensitivity falling to 1͞2 of maximum sensitivity at 3-6 Hz. These data perfectly match previous measured temporal tuning functions of the third-order system. (b) Results of isoluminant pedestal tests for the same four observers: pedestaled vs. motion stimuli alone. Although observers could make reliable, correct motion-direction judgments in the absence of pedestal (69-94% correct depending on the actual amplitude of the chromatic modulation), adding a 2ϫ pedestal reduced to chance the observers' ability to perceive consistent motion from isoluminant displays.
which is consistent with a motion-energy theory of first-and second-order motion (30, 45, 46) .
On the other hand, humans perceive motion in a variety of exotic stimuli that fail the pedestal test: interocular stimuli, dynamic random dot stereomotion, and motion-from-motion (30, (48) (49) (50) (51) . The motion perception mechanism that detects these kinds of motion has been termed ''third-order motion'' perception, and it differs from first-and second-order motion perception in the preprocessing of the stimulus before the motion computation (see below) and in being slower (lower temporal half-amplitude frequency) (30) .
Procedure. We implement the pedestaled motion paradigm as follows: (i) determine each observer's threshold amplitude for the discrimination of an upward from a downward moving sinewave grating; and (ii) add a pedestal with twice this measured threshold amplitude and re-determine the percent of correct motion-direction judgments. If the judgment were based on the output of a motion-energy computation, we would expect the observer's accuracy of motion-direction judgments to be identical with and without the pedestal. On the other hand, if the motion-direction computation were based on stimulus features (peaks, valleys, zero-crossings, etc), the pedestaled motion would appear oscillatory, and it would be impossible for observers to judge motion direction of the test.
Three conditions were tested: motion stimulus at Ϸ75% threshold (with luminance correction), pedestaled motion stimulus in which the amplitude of the pedestal was twice that of the motion stimulus at threshold, and a calibration display ( Fig. 1 i and j) with its odd frames made of the same motion stimulus frames at 75% threshold (with luminance correction). There were 80 trials per condition times each of four temporal frequencies (960 trials). All trials were intermixed. The average modulation depth for the isoluminant motion stimulus was 0.7, 0.7, 1.0, and 2.4% for the four temporal frequencies. Observers' performance in the third condition (calibration verification) was always statistically at chance.
Results. The results of the pedestal experiment are absolutely clear. Observers make reliably correct motion-direction judgments in the absence of pedestal (69-94% correct, depending on the actual amplitude of the modulation); adding a 2ϫ pedestal completely destroys their ability to perceive consistent motion from isoluminant displays, reducing their performance to chance. This result is rather different from that reported in an abstract by Zaidi and DeBonet (52) . They used a 1ϫ pedestal that may have been insufficient to mask the linear motion component.
To determine whether the inability to perceive the motion direction of pedestaled motion stimuli result might be caused by the low-contrast near-threshold stimuli used for the test, the most sensitive observer in this procedure was tested with pedestaled isoluminant motion stimuli of higher contrasts, right up to the highest contrast available. The observer was equally unable to perceive the motion direction of the 2ϫ pedestaled motion stimulus at all stimulus contrasts. That a 2ϫ pedestal obliterates the perception of motion-direction in isoluminant chromatic stimuli is strikingly different from firstand second-order motion in which a 2ϫ pedestal has no effect whatever on motion-direction thresholds of near-threshold stimuli (30) . In second-order motion, even a 7ϫ pedestal (amplitude of pedestal is 7ϫ the amplitude of the motion stimulus) has no effect on motion-direction thresholds (53).
Experiment 3: Interocular vs. Monocular Presentation
Procedure. The contrast threshold for discriminating upward vs. downward movement of isoluminant gratings is compared in monocular and interocular displays at four different temporal frequencies: 0.94, 1.88, 3.75, and 7.5 Hz. All of the motion displays consisted of five frames of isoluminant sinewave gratings with a 90-degree phase shift between successive frames (Fig. 1d) . In monocular displays, all of the frames were shown to the same eye. In interocular displays (30, 54) , the odd frames were shown to one eye, and the even frames were shown to the other eye (Fig. 3a) . Because, in interocular displays, successive frames in the same eye are shifted by 180 degrees, there is no motion information in one eye alone. In interocular displays, motion can be extracted only by combining information from the two eyes.
The first phase of the experiment discovered the amplitude of candidate isoluminant gratings that generated 90% correct motion-direction judgment in monocular displays at each of the four temporal frequencies. These 90% correct stimuli were recalibrated with the ''improved'' dynamic motion calibration (43) and were used to form a set of low-contrast motion stimuli (see below). In the third phase, the method of constant stimuli was used to determine motion-direction thresholds in three display modes (monocular-left, monocular-right, interocular) and four temporal frequencies. Five contrast levels were used in each condition. All trials were intermixed in each session. There were two observers.
Results. There were no statistically significant differences between the left-eye-only and right-eye-only monocular conditions. Therefore, data from the two monocular display modes were combined. Thresholds for 75% correct motiondirection judgments were estimated from the psychometric functions for each observer at each temporal frequency in both monocular and interocular display modes. Fig. 3b shows contrast sensitivity (1͞threshold) as a function of temporal frequency. Each point is based on 200 observations. It is clear that, for both observers, the temporal tuning functions in monocular and interocular display modes overlap almost completely. In other words, the mechanism that computes isoluminant chromatic motion is equally sensitive to monocular and interocular displays; the system is intrinsically binocular.
DISCUSSION
Is It Possible To Generate Isoluminant Motion Stimuli?
The argument against. Green-sensitive and red-sensitive cones occupy different positions in space, and these are not distributed with perfect uniformity, nor are their positions known exactly. Therefore, within any given stimulus, and within any given area, it is statistically impossible to guarantee exactly equal (1͞threshold) as a function of temporal frequency in both monocular and interocular display modes for two observers. The sensitivity is normalized for each observer by using the minimum threshold in both monocular and interocular conditions. For both observers, there is no significant difference between the two display modes. stimulation of red and green cones. Therefore, every stimulus inevitably contains local imperfections and violations of isoluminance. The same argument can be extended to magno and parvo cells or to any other unit of analysis. Counterargument. Isoluminance is not a local property but a global property of a stimulus as a whole. That is why each stimulus is calibrated separately and individually. When a stimulus has been calibrated for isoluminance, it remains locally imperfect. However, the sum of all of the local imperfections is insufficient to be useful in generating apparent motion. The calibration procedure demonstrates that the local imperfections cannot combine with a luminance stimulus to produce luminance (first-order) motion. Indeed, with the improved calibration method, even 10ϫ greater imperfections would be insufficient to produce artifactual first-order motion in the isoluminant chromatic displays. We conclude that, although it is impossible to produce a stimulus that has locally perfect isoluminance, the calibration procedure reduces the residual local luminance components to such a low level that they are merely subthreshold luminance noise.
By What Mechanism Is Isoluminant Chromatic Motion Perceived? The shape of the temporal tuning function, the failure to pass the motion pedestal test, and the indifference to whether frames are presented monocularly or interocularly all suggest that isoluminant chromatic motion is perceived by the third-order motion system (30) . Third-order differs from firstand second-order motion mainly in the preprocessing of the visual input before the motion computation. The input to first-order motion processing is the local point contrast c(x, y): the amount, plus or minus, by which the luminance at a point differs from the local mean luminance. [Essentially, c(x, y) is output of center-surround receptive fields, with outputs of ON-center fields taken as positive and outputs of OFF-center fields taken as negative.] The input to second-order motion is the absolute value or perhaps the square of c(x, y), a measure of the total amount of neural activity without regard to sign. The input to second-order motion is the variance of the input to first-order motion. The input to third-order motion is the output of a ''salience map,'' in which the results of a figureground segmentation of the visual field are represented. The salience s(x, y, t) of a point x, y is 1 if, at time t, that point is in an area that is computed to be figure and is 0 if it is in an area that is computed to be ground. Third-order motion can be perceived from alternating-feature displays in which successive frames are completely unrelated, so long as the areas designated as figure move in a consistent direction (33) (34) (35) . Another characteristic of the third-order motion system is that, although first-and second-order motion are computed monocularly, third-order motion is inherently binocular-it is indifferent to the eye of origin or to alternations in the eye of origin of its input. Indeed, the third-order system cannot process information monocularly before the point of binocular combination (55) . The third-order motion system's temporal halfamplitude frequency typically is 3-4 Hz, only 1͞3 the halfamplitude frequency of the first-and second-order motion systems. The third-order system computes motion from all ordinary stimuli that stimulate the first-and second-order motion systems (if they have a sufficiently high amplitude of modulation and sufficiently low spatial and temporal frequencies) as well as from many exotic stimuli (30) . And, unlike firstand second-order, third-order motion is strongly influenced by attention (33) (34) (35) .
Identifying the mechanism for isoluminant motion perception as third-order has enabled us to predict the conditions under which a remarkable motion illusion-motion standstill-would occur. We presume that isoluminant motion of a red-green grating is perceived by the third-order motion system because the red and green stripes in the grating are not equally represented in the salience map. Typically in our gratings, red stripes are perceived as more salient than the green ones. We would suppose that motion is perceived because red is represented as figure and green as ground. Blaser, Sperling, and Lu (35) had already demonstrated that the relative salience of a colored region increases with its saturation. Therefore, in our displays, we increased the saturation of the apparently weaker green component, until motion direction of a moving red-green grating was maximally ambiguous. At this point, we presume the salience modulation is reduced to near zero, so the third-order system computes zero motion, and the perceptual illusion of motion standstill results.
When viewing saturation-balanced stimuli foveally, there was no adjustment that produced complete motion standstill. We interpret this as caused by the uncontrollable influence of attention to either red or green enabling the attended color to be perceived as ''figure.'' However, by viewing the motion displays parafoveally, 3 degrees peripherally, we were able to find a critical saturation of green (which varied slightly from observer to observer) that produced complete motion standstill for every observer (Z.-L.L., L.A.L., and G.S., unpublished work). One might think that increasing the saturation of color stripes in a grating, thereby making them more distinct, would improve motion perception. That increasing the saturation of the green component of a red-green grating can produce motion standstill certainly demonstrates that the human isoluminant motion computation does not depend on color, per se. ¶ That motion standstill occurs with highly saturated red and green stripes proves that there is no motion computation other than the putative third-order motion computation. If there were a color motion computation independent of the thirdorder motion computation, then a highly saturated red-green grating should be an ideal stimulus, and motion standstill would be impossible.
High-Quality Isoluminant Motion. In a red-green grating on a white background, both the red and the green stripes have a large representation in the salience map from which thirdorder motion is computed. When the green stripes in an isoluminant red-green grating are removed, to produce an isoluminant grating consisting only of red stripes on a white background, there is an alternation of salience between high values for red and low values for white. Large modulations of luminance produce good first-order motion stimuli, large modulations of texture-contrast produce good second-order motion stimuli, and large modulations of salience produce good third-order motion stimuli. Thus, when the isoluminant red-white display is moved, a vivid perception of motion results, quite different from the meager perception of motion that is typical of more common isoluminant motion. Recognizing the nature of the third-order motion computation makes it possible to produce the full gamut of motion responses from a moving red-green grating: from motion standstill to easily perceived, smooth motion.
Substituting Other Third-Order Stimuli for Some Isoluminant Frames. Finally, Blaser et al. (35) provide a demonstration that isoluminant gratings function like third-order stimuli in another context than merely isoluminant chromatic motion. Their observers viewed motion in an alternating feature display very much like the calibration display. The odd frames contained an isoluminant red-green grating. The even frames contained a texture-modulated grating in which areas of high-contrast texture (figure) were interleaved with areas of low-contrast texture (ground). When red and green stripes of ¶ Motion standstill was observed introspectively following the procedures [e.g., type 2 experiments (56)] described in previous reports (1) (2) (3) (4) (5) . More recent work in progress (Z.-L.L., L.A.L., and G.S., unpublished work) indicates that motion standstill can be measured objectively in experiments that determine the accuracy of motiondirection reports and in which feedback of correctness or incorrectness of a response is provided.
the isoluminant grating were of equal saliance, no motion was perceived-for the same reason that no motion is perceived in the motion-standstill demonstration. Increasing the saturation of one of the colors, e.g., red (while maintaining isoluminance), resulted in apparent motion in a consistent direction, the red direction. Selectively attending to red in the previously ambiguous equal-salience display now produced apparent motion in the red direction. Blaser et al. (35) provide a formal model for third-order motion that gives an extremely accurate account of their data and would apply equally well to the present data.
CONCLUSIONS
Taken together, there are five lines of evidence that isoluminant chromatic motion is computed by the third-order motion system and by no other system. (i) The temporal tuning function for isoluminant chromatic motion exactly matches the previously measured tuning function for third-order motion (i.e., low-pass, declining to 1͞2 amplitude at 3-6 Hz). (ii) It fails the pedestal test (which is characteristic of third-order motion). (iii) It is perceived as well interocularly as monocularly (which is characteristic of third-order motion). (iv) Motion standstill can be produced with vivid, high saturation gratings, provided the red and green stripes are matched in salience. (v) Isoluminant red-green gratings function like other third-order stimuli in alternating feature displays (perceived by the third-order motion system). That motion standstill can be produced with vivid high-saturation moving color gratings that are nulled for third-order motion means that no other color system is computing the motion of these stimuli. That rules out a specialized chromatic motion mechanism within the color pathway.
Demonstrating that perceiving isoluminant motion is a third-order motion computation does much to resolve the issue of its psychophysical mechanism: The third-order algorithm, as well as its spatial, temporal, and attentional characteristics, has been described quantitatively (30, 35) . Because third-order motion has been demonstrated to be sensitive to a wide range of attributes, and because isoluminant chromatic motion is computed by a third-order motion mechanism, we can make the following statement about the physiological basis of isoluminant motion perception. Isoluminant chromatic motion is computed physiologically at a brain level where binocular inputs of form, color, depth, motion, and texture are simultaneously available and where selective attention can exert a major influence.
